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SUMMARY

During the MDG-FESG/1 meeting 1
Analysis group was formed to a
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iew of definitions of cost benefit
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amework for documenting tools and
minary documentation of tools and
discussion on pros and cons of use of CBAs for

rposes
: r_ovides actions to MDG-FESG.

ight support decision-making in CAEP and M. 04 Identification of Assessment Tools focusing
sntification and evaluation of tools for including noise, LAQ and GHG impacts (including
monetization) tools for use as part of future CAEP assessments. These tasks align with the ISG task 1.07.

1.2 The Cost Benefit Group i1s composed of 13 members from MDG/FESG. It held 4
teleconferences on May 26™®, June 27%, July 18" and August 15" This report presents updates on the
ongoing tasks. This includes; (1) the review of definitions of cost benefit analyses (2) set of tools and
methodologies considered for documentation, (3) framework for documenting tools and methodologies, (4)
preliminary documentation of tools and methodologies, (5) potential pros and cons of use of CBAs for
CAEP purposes.
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2. REVIEW OF DEFINITIONS OF COST BENEFIT ANALYSIS (CBA)
2.1 In order to provide a solid context for future work on CBA tools, methodologies,

assumptions and on how CBA could be used in the context of CAEP decision making, the CBA group
started by conducting a literature review of definitions and scope of Cost Benefit Analyses used by
organizations conducting such analyses. In addition, the group reviewed and highlighted the nuances
between Cost Benefit Analysis (CBAs) vs. Cost Effectiveness Analysis (CEAs).

22 Overview of Differences between Cost Benefit Analysis vs. Cost Effectiveness An

2.2.1 Cost Benefit Analysis (CBA) and Cost Effectiveness Analysis (C
analytical frameworks that are useful for evaluating the outcomes attributable to a p
ICAO emissions standard). These approaches are both in widespread use and“ar
governments to be used as part of any regulatory or investment decision malg
frameworks allow for developing a rigorous approach to analysing policies, {l
between them that make each technique more suitable for particular situg

. While both
t differences

222 Cost Benefit Analysis (CBA); The unique featurg
measure denominated in monetary terms that includes most, or
a policy or intervention that is under consideration. Through

1s possible to evaluate and
, and to identify the option that

maximizes net benefits. By presenting all costs and b
arange of different effects of a policy. As an illustra;

223
policy — usually measured in physi¢
a ratio showing the average ¢
enables a ready comparison

policies may also provide. For ex

¢ d, and CEA was used to compare the cost per tonne that could be avoided by
encies. While this approach does not require monetizing all of the relevant
olicy, it is best suited for comparing a series of policies that are all intended to

benefits and co
achieve the san

To provide robust context for future work, several definitions of CBA from various
and international organizations were reviewed. It was observed that the core-concept of CBA
oss these various organizations. See Appendix A for additional details on definitions.

3. LIST OF TOOLS AND METHODOLOGIES CONSIDERED FOR DOCUMENTATION
3.1 The CBA group has started to identify tools that are being documented as part of the M.04

task remit. The following table provides an overview of the set of tools that are currently being considered
for documentation.
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APMT-Impacts Aviation environmental Portfolio Management Tool (APMT)-Impacts if part of the FAA
Tool Suite. The APMT-Impacts estimates the environmental impacts of aircraft operations
through changes in health and welfare endpoints for climate, air quality, and noise. It is
part of a series of tools based on the latest research understanding to provide a thorough
assessment of how changes to one or more aviation technologies or operations will affect
many other aspects of aviation and society.

CBA Tools Used in EPA Analyses | EPA develops Regulatory Impact Analyses (RIAs) fo support the development of national
mobile source regulations that include estimates of the projected changes in ambient
concentration, the incremental costs, and the quantified/monetized human health benefits
of attaining new mohile source standards for the control of criteria and toxic pollutants. As
relevant, they also discuss climate change impacts and the incremental monetized
benefits of reducing greenhouse gas emissions, such as carbon dioxide and methane.

Aviation Integrated Modeling (AIM) | Developed in the UK, AIM is a policy assessment tool fog: n, e vronment and

economic interactions at local and global levels, now an

DLR Economic assessment fool developed by DLR for technological developments,
operational procedures and regulatory instruments
EUROCONTROL CBA Model to facilifate decision-making by u

performance of any proposed change, thy,

World Bank CBA Determines if the overall economic benefits of a proposed project exceed Hs costs
{including environmental), and fo help design the project in a way that produces a solid
economic rate of return.

OECD CBA Tool to force the deg
the spatial and te

fook ;t who the beneficiaries and losers are in both

4. FRAMEWORK FOR DO( ENTING TOOLS AND METHODOLOGIES

4.1 In order to document (| Benéfit Analysis tools, the CBA group reviewed CAEP documents
on documentation of tools as atart ipinl for the development of a framework/format for documenting
CBA tools.

4.2 Sources o nformation for Documentation of Tools used within CAEP

421 ing references include previous CAEP evaluation process of various tools.

CAEP8 MODITF 8 WPO5 Model and . Summary of Noise Cost Model. NOx cost model and APMT
Database Evaluation 090917
= RT6 Renor
CAPE/?’-IP 3 FESG report to steering group
CAEP/6 WP/19 FESG Executive Summary of NOx Stringency Options
CAEP/6 IP/13 FESG Executive Summary of NOx Stringency Options
CAEP/10 IP/4 MDG and FESG model and database evaluation process
4.3 Preliminary Framework for Documenting Tools
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431 Based on the review of CAEP documents, the CBA group established an initial framework
for documenting the CBA tools.
4.3.2 Documentation of individual tools; cach tool is being documented using a consistent

structure and format as described below.

1. Overview of Tool/Model
2. Assumptions, Input Data and Modeling Approach

3. HMustrative Case Study
4. Sample Output

5. References

4.3.3 Comparison of Tools; following the documentation of
key components of the tools are being performed in order to i
differences.

5. SUMMARY OF ONGOING DOCUMENTATI

5.1 The following section provides a s
provides additional details for cach of the tools.
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52 Preliminary Summary of Format for Documentation of Cost Benefit Analysis tools reviewed to date

Physi

€O, NO CH, NO O, Globally-averaged surface AT

PM. . Premature mortalities Net Present Value of Mitigation Costs in USS

Area and Population Exposure, Housing

Papulation Impacted
Value, Rental loss P P

Sacial Cost af Carbon (SCL), Social Cost of
€O, N.O, CH, Total GHG emissions change Methane [SC-CH4). Social Cost of Nitrous Oxide
{sC.N20)

Surface temperature change
Sea lavel tise Ocean acidification (MAGICC)

e

NO,PM, PM, n/a

€0, H.0,50, Rising sea levels/crop shortfalls

PM, PM. Changes in mortality/morbidity Net Damage Costs (in €)

Area and Population Exposure Changes in mortality/morbidity
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6. INITIAL DISCUSSION HOW COST BENEFIT ANALYSES MAY BE USED FOR THE
PURPOSES OF CAEP DECISION MAKING (TASK F.07)

6.1 While it is expected that the majority of the work on this task (i.e., F.07) will take place
during the second and third year of the CAEP/11 cycle, the CBA group has started to evaluate how cost-
benefit assessment might support decision-making in CAEP.

decisions
al needs for

6.2 The CBA group started to discuss the following themes; (1) How are curr
made in the CAEP process (2) What are the limitations of current approaches and pot
information going forward (3) What additional information could CBA bring and (4) H
used in the decision process.

6.3 Considerations discussed to date include;

e Input needed to conduct CBA; some members noted that it would dentify required
input to perform a CBA and how consensus on values and ran,

e Uncertainty in input and output metrics; some members obget
associated with significant uncertainty and urged the groap to'
propagated in the tools, communicated to CAEP m
decision making process.

me input metrics may be
er how uncertainty will be
it may impact the CAEP

7. ACTION BY MDG-FESG

7.1 MDG-FESG i1s invited to:

a) Consider the content
M.04 and F.07

d updates from the CBA group on ongoing tasks

Confidential - For use by nominated participants of CAEP FESG-MDG
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8. APPENDIX A: SUMMARY OF DEFINITIONS ACROSS SOURCES REVIEWED
8.1.1 Government of Canada [2]: A CBA identifies and “measures the economic benefits and

costs” of regulatory actions, which “serve as an essential input into the design process of regulatory
actions.” “The cost-benefit analysis should be guided by the principle of proportionality. In other words,
the effort to do the cost-benefit analysis should be commensurate with the level of expected impacts on
Canadians”.

ssment of
“positive

8.1.2 German Aerospace Center (DLR) [3]: A CBA is an “economic ,
technological developments, operational procedures and regulatory instruments”. It measy
and negative effects of aviation” on a “uniform basis in terms of a monetary value.”

avorable
¢ question of
g everyone at
sonomic efficiency

8.1.3 U.S. Environmental Protection Agency (EPA) [4]: “A BC
effects of policy actions and the associated opportunity costs of those actio
whether the benefits are sufficient for the gainers to potentially compensate
least as well off as before the policy. The calculation of net benefits hel
of a regulation.” "

osts related to the production
sts are then weighted against
An particular, in the world of Air
nt or project that only delivers the

8.1.4 Eurocontrol [5]: “A CBA is an examination of alknece
the expected benefits resulting from the materialization £
Traffic Management, the output object of study is usually
desired benefits after some years have passed. A kg
which costs are paid and at which benefits ar
benefits are transformed into a monetary val

8.1.5 U.S. Federal Aviation *
determine whether or not a certain o

vation (FAA) [6]: “Benefit-cost analysis seeks to
pduced and, if so, how best to produce it.” It “calls for

roduégion and consumption of an output, whether the costs are

xprgssed in monetary units, which allows you to evaluate different regulatory options with a
gites using a common measure. By measuring incremental benefits and costs of successively

! Output refers to the cost/investment related to a particular project (like a new airport or increased flight activity ete.) bounded by
certain regulations to achieve desired benefits like emissions standard, reducing noise levels etc.
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9. APPENDIX B: DOCUMENTATION OF TOOLS AND METHODOLOGIES
9.1 APPENDIX #B.1: APMT Impacts

9.1.1 Overview [9]

s  APMT Impacts is a component of the FAA tools suite. It estimates the environmental impacts
of aircraft operations through changes in health and welfare endpoints for climate, alr quality,
and noise. Impacts and associated uncertainties are simulated based on a probabili
using Monte Carlo methods.

+ APMT Impacts was developed by the Partnership for AiR Transportation N,

Administration (NASA), and Transport Canada.

¢ For the development of APMT Impacts, the following key d
Guidelines for Preparing Economic Analyses, OMB (;
Regulatory Analysis [10], UK HM Treasury Green Bl

Assessment Guidance [12], OECD The economic
policies - A practical guide [ 13], Transport Canada
Canada [14], WHO Air Quality Guidelines

Review of the Methodology of Cost-B
[17], and Clean Air for Europe (CAFE
for CAFE Vol. 1 [18]

The schematic below illustrates APMT- Im elatiot 1p o the FAA Tool Suite, used for cost benefit
analysis modelling. '

the Clean Air for Europe Programme
odology for the Cost Benefit Analysis

Folicy and Scenarfos T,

ive: Fusls and cwlpuls fom Seudsdion Toolz s ai:g.xﬂcsz__‘_“«~
5 (] 4 - - o -
A; viatian Avistion environmental
Mo sirerah Environmental Portiotio
i Design Tool (AEDT, o .
o U o g ¢ ) Management

aenericfesy| Single | [ Tool 1ARMIT o Impacts

: nfegrated | anoe |, e

Hoise, gl | EUESORS Gmpacrc

o mrraaft ‘*..m:ﬂ for pregmerie fied | Erissions.
,,,,,,,,,,,,,,,,,,,,,, Alr Qualiy
A F‘M T Er:m: Sohedte sl prem——
e i & Fuel Ban
Firat bﬁl: Ansimes Woise
o A Studics ! o mpacts
Emissions, N
y § Sonstized
Motse, & Fuel Burs N 3
L3 impacts

APMT Cost Benefit e

Figure 1: The FAA-NASA-Transport Canada Aviation Environmental Tool Suite
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912 Summary of Model Inputs, Outputs, Modelling Approach and Assumptions

AEDT [19]

Various
Sources

AEDT

Various

US Census
data

sources e.g..

Annual noise
damages (US3)
Housing value loss
(US$)

Change in Radiative
Forcing

Change in annual
global temperature
Present value of
climate damages for
a unit impulse of
emissions

Population impacted

housing data to estimate the physical and
monetary impacts.

Monte Carlo method is used ta determine the
distribution of various factors [20]

Impulse response modeling approach by
Hasselmann [22] to estimate change in annual
global temperature

Dynamic Integrated model of Climate and the
Economy (DICE-2007) [23] to estimate
aviation-specific climate damages

Noise contours are overlaid on population and

. Conversion factor of 2.2 is

used to convert Willingness-
to-pay (WIP) from per
person to per household

+  Discount Rate: 2-7%
+  Global spatial scale analysis

Confidential — For use by nominated participants of CAEP FESG-MDG
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9.1.3 Case Study: Estimation of the global impacts of aviation-related noise using an income-based
approach [24]

Study Objective: To assess the monetary impacts of aviation noise in order to evaluate policy alternatives
and inform decision making. The proposed method is termed the income-based noise monetization model,
and estimates individuals' Willingness to Pay for noise abatement based on city-level personal income,
which differs from conventional approaches that rely on detailed real estate data. The second objective of
the study is to describe how such a monetization model can be implemented within the framework of an
aviation policy assessment tool, such as the United States Federal Aviation Administratien's APMT-

a meta-analysis of existing hedonic pricing [HP] studies, derive a relationshi
(WTP) for noise abatement with respect to income and other significant ex
resulting function for global benefit transfer of monetized aviation noise 3

, and use the

PUTS BTERMEIATE
RESULTS
Backgronngd Exposud
Bidive Lavel S o
P B
Blgnifisanes
Lol ¥ é?f
ik o
s
Gieuth Bt —
Bagression 5 @%ﬁ%m% e .. Monatary
Sarmmsten il | bnpsuls
SHiatung Gapltyl
Bate W Rueonry
Fatar »

re 2: Schematic of income-based noise monetization model

new model to income, noise, and population data for 181 airports worldwide, the global
capitalized monetary impacts of commercial aviation noise in 2005 are estimated to be $23.8 billion, with
a Net Present Value of $36.5 billion between 2005 and 2035 when a 3.5% discount rate is applied.
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Legend )
@ 0-50,000

@ 50,001 - 100,000
100,001 ~ 250,000

250,001 - 800,000

500,001 « 1,000,000
Zources: Map: Woild (Coundries, 2008}, ESRI Data & Maps, 2008,
Population: EEA, GRUMF, Nationat censuses.
1,000,001 - 2,000,000 Ineoms datar Mational statistion! agencies

Figure 3: Number of people exposed to at least 55 iation noise in 2005.

b

Legend
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Figure 4: Geographic distribution of capitalized noise impacts around 181 airports in 2005.
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95 APPENDIX #B.2: Environmental Protection Agency (EPA) Regulatory Impact Analysis
(RIA)

95.1 Overview

e EPA develops Regulatory Impact Analyses (RIAs) to support the development of national
mobile source regulations.

e EPA’s mobile source Regulatory Impact Analyses (RIA) provide estimay,
changes in ambient concentration, the incremental costs, and the quantifieg
health benefits of attaining new mobile source standards for the conth
pollutants. As relevant, they also discuss climate change im
monetized benefits of reducing greenhouse gas emissions, such ag

incremental
and methane.

« EPA fulfills the requirements of Executive Order 12866 4
A-4, as well as its own guidelines for conducting ec

es of OMB Circular

Confidential - For use by nominated participants of CAEP FESG-MDG
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Assumptions, Input Data and Modeling Approach

. Manetized estimates of the benefits

e of reducing GHG emissions.

EPA has applied the U.S. Government's
estimates of the social cost of carbon (5C-
C0Os) to the incremental CO; reductions.
The USG developed the SC-CO; estimates
using three integrated assessment models
and recommended four SC-CO; values for
use in regulatory analysis. See the OMB
website for methodological details and
the schedule of estimates.?” EPA has also
applied Marten et al. (2014) estimates of
the social cost of methane (SC-CHa) and
social cost of nitrous oxide (SC-N;0) to

The four SC-CO; estimates are:
average at discount rates 2.5,
3, and 5%, respectively, and
the 95" percentile SC-CO» at a
3% rate.

SC-CO» estimates are specific to
the year of emissions and
increase over time.

SC-C0; estimates are global
measures.

The SC-CHaand SC:N,O
estimates are consistent with
the modeling assumptions

Confidential — For use by nominated participants of CAEP FESG-MDG
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incremental reductions in methane and
nitrous oxide, respectively.?®

underlying the SC-CO»
estimates.

o

Temperature, sea fevel rise, ocean
acidification

GHG and ather emissions are used as
inputs to an energy-balance climate
model such as MAGICC or Hector .2

’ Climate sensitivities from 1.5 to
6 degrees can be calculated

ED_001734_00020184-00014
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953 Case Study: Phase 2 GHG Emissions Standards and Fuel Efficiency Standards for
Medium- and Heavy-Duty Engines and Vehicles

Objective: To provide an example of the methodology for estimating and monetizing the health benefits
expected from reducing emissions from mobile sources.

Method:

e The CMAQ air quality model estimates air quality concentrations at 12km grid cell resolsiti

¢ The Environmental Benefits Mapping and Analysis Program (BenMAP) is used t
benefits associated with reductions in ambient pollutant concentrations due {
standards.

EPA applied the U.S. Government’s estimates of the social cost of ¢
reductions to estimate the benefits of CO2 reductions. EPA also 1
greenhouse gas reductions by applying Marten et al. (2014) esti 3 ost of methane and
social cost of nitrous oxide to incremental reductions in meth xide, respectively.®”

95" percentile
$100
$120
$140
$150
$170
$180
$200
$220
$230

Note:

2 The SC-CO; values are
rounded to two sighi
SC-CO, TSD were adj
benefi

{+3 - o o {+3 (+ ® {+3 o
Average Average @ 95" percentile Average Average Average g5t
percentile
$1,000 $1,400 $2,800 $4,000 $14,000 $21,000 $36,000
1,100 1,500 3,100 4.400 14,000 22,000 38,000
1,300 1,800 3,500 5,200 16,000 24,000 43,000
1,500 2,000 4,100 6,000 19,000 26,000 48,000
1,800 2,200 4,600 6,900 21,000 30,000 54,000
2035 990 2.000 2,500 5400 8100 23,000 32.000 60000
2040 1,100 2,200 2,900 6,000 9,200 25,000 35,000 66,000
2045 1,300 2.500 3,100 6,700 10.000 27.000 37.000 73.000
2050 1,400 2,700 3,400 7,400 12,000 30,000 41,000 79,000

Note:
2 The values are emissions-year specific and have been rounded to two significant digits, as shown in Marten et al.
(2014). These rounded numbers were used to calculate the GHG benefits.,

Confidential - For use by nominated participants of CAEP FESG-MDG
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b The estimates in this table have been adjusted to reflect the minor techmical corrections to the SC-CO2 estimates
described above. See the Corrigendum to Marten et al. (2014),
http://www.tandfonline.com/doi/abs/10.1080/14693062.2015.1070550

954 Sample Outputs

Projected Change in 2030 Annual PM2.5 Concentrations®

kil i Snegad Z FRET fumEde
BBy 88 wilonss FOU0vg s

e of Changes in Incidence of Health and Welfare Effects (millions of
20108)*?

talify — Derived Adult, age 30+ - ACS study
ology Studies® (Krewski et al., 2009)

3% discount rate $6,100
(6910 - $14,000)
7% discount rate $5,500

($820 - $13,000)

Adult, age 25+ - Six-Cities study
{Lepeule et al, 2012)

3% discount rate $14,000
($2,000 - $33,000)
7% discount rate $12.000
($1,800 - $30,000)
Infant Mortality, <1 year — (Woodruff $13
et al. 1997) ($1.8 - $32)
Non-fatal acute myocardial infarctions
Peters et al., 2001
3% discount rate $96

ED_001734_00020184-00016
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(321 - 5230)
7% discount rate $93
{319 - 5220)
Pooled estimate of 4 studies
3% discount rate $10
($2.6 - $27)
7% discount rate $10
($2.4 - $27)
Hospital admissions for respiratory causes? $5.9
(-$1.6 - $11)
Hospital admissions for cardiovascular causes $9.9

Emergency room visits for asthma*

Acute bronchitis (children, age 8-12)¢

Lower respiratory symptoms (children, 7-14)

Upper respiratory symptoms (asthma, 9-11)

Asthma exacerbations

Work loss days $
(511 -3%14)
Minor restricted-activity days (MRADs) $34
($20 - $49)
Ozone-Related Health Effects
Premature Mortality, All ages — Bell et al., 2004 $1,100
Derived from Multi-city analyses ($150 - $2,800)
Huang et al, 2005 51,600
(5220 - $4,100)
Schwartz, 2005 $1,700
($220 - $4,400)
Premature Mortality, All ages — Bell et al 2005 $3,600
Derived from Meta-analyses ($510 - 58,800}
lto et al, 2005 $5,000
(5740 - $12,000
Levyetal, 2005 $5.100
; ($760 - $12,000)
Hospital admissions- respirat adult;"65 and older) $21
($2.5 - $39)
Hospital admissions- respiratory causes (children, under 2) $3.7
($1.9 -55.4)
Emergency room visit for asthima (all ages) $0.14

(-$0.003 - $0.41)
$43

Minor restricted activity days {adults, age 18-65)
(319 - $73)

School absence days $21
($9.3 - $31)

are rounded to two significant digits for ease of presentation and computation. PM and ozone benefits

‘percent discount rates consistent with EPA and OMB guidelines for preparing economic analyses.

estimate at the 5th percentile confidence estimate for this morbidity endpoint reflects the statistical power of

tudy*used to calculate this health impact. This result does not suggest that reducing air pollution results in additional
mpacts.

Impact of GHG Emissions Reductions on Projected Changes in Global Climate Associated with the
Final Program (Based on a Range of Climate Sensitivities from 1.5-6°C)

Atmospheric COs | ppmy 2100 12-13
Conceniration

Global Mean Surface | °C 2100 -0.0027 to -0.0065
Temperature

ED_001734_00020184-00017
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Sea Level Rise cm 2100 -0.026 to -0.058
Ocean pH pH units 2100 +0.0006°
Note:

2The value for projected change in ocean pH is based on a climate sensitivity of 3.0.
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- NOTE: APPENDIX IS A WORKING DRAFT ON DOCUMENTATION OF TOOLS -
- NOT INCLUDED IN MDG/FESG-2 WP ~TBC -

9.6 APPENDIX #B.3: EUROCONTROL CBA
9.6.1 Overview

¢ EUROCONTROL developed the European Models for ATM Strategic Investment (EMOSIA)
to conduct CBA analysis in Air Traffic Management (ATM) [33]. EMO acilitates

GHG emissions per Cost factor T,
vehicke category {onnel: egeivalents {Eiion}
Ly

£

Totat TO pquivalent
greenhouise gas
smissions

1 #

Total climate change costs by mode

I

Average costs per pkm and thim by mods

Figure 5: Methodology for climate change related costs
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96.2 Summary of Model Inputs, Outputs, Modelling Approach and Assumptions

HEATCO [35]

3

»

Various
Sources

TREMOVE

HEATCO

Health Effects per
Person and dB(A)
Cost of annoyance

Damage costs
Avaidance cosls
based on cost
effective analysis
approach

Estimation of the number of people
affected by noise per vehicle type
Estimation of total noise costs by

multiplving the number of peaple affected

by the noise costs per person exposed

Assess total GHG emissions by type of
vehicle per country
Caloulate total CO5 equivalent GHG

emissions using Global Warming
Potentials

Estimate total external costs related to
global warming per country

Calculate the average climate change
costs (per tkm/pkm)

Noise weighting factor: 1
Population growth: 0%

Discount Rate: 0.5-1%
Equal weighting for all countries

Confidential — For use by nominated participants of CAEP FESG-MDG
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0.6.3 Case Study: Calculation of Noise Costs in EU-27 for different Aviation noise levels [37]

Study Objective: To quantify negative impacts of noise on humans. The two negative impacts evaluated
in this study are:

¢ Cost of Annoyance: Transport noise imposes undesired social disturbances, which result in social
and economic costs like any restrictions on enjoyment of desired leisure activities, discomfort or
inconvenience, etc.

¢ Health Damages: Noise levels above 85 dB(A) can cause hearing damage. L noise levels

(above 60 dB(A)) may increase the risk on cardiovascular diseases (heart and
Method: Uses Bottom-up approach as per the following 3 steps:
1) Estimation of the number of people affected by noise per vehicle typs

2) Estimation of total noise costs by multiplying the number of pgop by the noise costs per

person exposed
3) Calculation of the average noise costs by allocating 1pise costs to the various transport
modes by using specific weighting factors

Mumber of people Noise costs per person
affected by noise per exposed:
vehicle category -Costz of annovance

-Feg nodse class of 5 dBIAG “Health cosis

s’ of & odb{A), indicating
that 1 se i3 expenenced as
smce than road noise

Bt
o
&

s

Total external noise costs

k4

Alipcation of total external costs to vehicle pategorias
hased on weighting factors

h 3

Average costs per plim and tkim by mode

Figure 6: Methodology for noise related costs
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Sample Outputs

e e e e o
Sustria 0.008 3001 §.000 0000 0.4300 §.00%
Bolaium 0.4335 D011 004 §.008 0,000 .4450
Hutgaria {0352 $.032 82421 G001 . 000 #4105
Crech Republic Q0,006 $.002 9,000 0.000 0.000 Q007
Benmark, .00 4.0 8.008 .000 §.4300 G001
Estonia 0,061 3.000 8,000 £8.000 0,000 G001
Firdand G008 .00 2,000 G008 000 4401
France §.347 3.032 9.002 {000 0.0300 B35
Gernany $.356 #3485 §.007 PR 0300 {44%
Groace 0012 Q.00 8.000 3.000 0.000 4.015
Hungany 0222 8063 8002 G001 0,000 8290
freland 0,003 §.00G 2.000 §.808 0.G00 4.3
itaty $.158 G049 6.010 PR Q.000 $.238
Latvia 0,002 AL 0.000 3,000 0.000 3,003
Eithuania 3509 30013 .31 3508 $.060 8013
fuxembnurg 3.300 £.000 2.000 O.000 0.000 4.000
Hatherlands 0.063 3006 §.001 0600 0.4300 8073
Hareay HRE 0.001 0.000 §.008 0.0043 3.007
Potand 0,044 G018 82.004 00033 . 000 .4166
Portugasl 0.003 G001 2.000 0.000 0,000 0005
Ronania 3.012 (RS 8.006 .000 §.4300 0.4023
Stovakia 3.002 4.0 8.000 2.000 0.000 £.002
sovania 3,000 G008 8.000 3,008 0,000 3.000
Spain 0,135 3.4019 8.006 [R e 0.0300 . 16}
Sweden $.006 3,001 §.000 [REE:] 0500 3006
hwitzerland 0.158 3.074 8.017 2.003 0.000 6,251
Haited Kingdom 0.78% $.214 B8.056 1.069
Totat 3.432 .620 .13 4.2 14}

et

Austyix £33 238 323 {76 §20
Bedgtun 128 2i% 310 457 5394
Butgaria 5 96 135 195 221
Czech Republig] i iR6 264 381 492
Benmark 132 227 321 473 613
Estonis 83 &0 225 324 417
Fisdang 125 234 203 446 320
Francs 120 205 234 429 558
Gerrnary L 188 266 394 513
Gresce 103 176 258 ELE 47
Hungary #2 154 213 343 433
retand 167 287 437 395 7id
fraly 113 184 273 406 F28
Latvia 9 138 7R 357
Lithuania at 137 3G 359
Luxombourg 200 343 Lt 918
Hetheriands 133 228 477 H20
Horway 177 203 628 814
Potand 54 331 209 271
Portugal 82 340 %4 38z
Romania 71 321 244 33
Slorvakia 183 §7E 360 464
Slovenia §53 $BB 372 482
Spain Pi7 it el 414 337
Swadan 130 223 464 602
Switzerisngd 123 ZiG i 575
Hnited Kinodum 125 234 447 582

Table 1: Number of people (in
millions) exposed to noise from
aviation

Table 2: Noise Costs
(€2008/person/year) for
different noise levels: aviation
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9.7 APPENDIX #B.4: Aviation Integrated Modeling (AIM)

9.7.1 Overview
e AIM [38] was originally developed at Cambridge University's Institute for Aviation and the
Environment. It is now based at University College London's Energy Institute under ACCLAIM [39].

The tool is capable of estimating global environmental impacts and its associated economic impacts.

e AIM consists of 7 modules as shown in Figure 7 and has the following capabilities;

o Policy Assessment. Each module provides an input site for candidate “po
manipulate the evolution of the air transportation system and hence allo
their environmental and economic impacts.

o Trade-Off Analysis: Key interdependencies are captured, allowin

noise vs. CO» vs. NOx) and economic metrics

o Tailored Resolution: The temporal and spatial resoluti
application being considered.

o Module Substitution: Module definitions from ot
their interactions within the wider integr
existing).

o Future Growth Potential: The modula;
capabilities.

Movemant

Figure 7: AIM's architecture with its 7 modules
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972 Summary of Model Inputs, Outputs, Modelling Approach and Assumptions

INM [40] /AEDT ! ;F;:Ogigy valuation = Noise impacts are assessed of key variables including
Or . So;::i otal Costs of fleet mixes and routine structures

»  The noise metrics are fed to the Regional Economics

NMSim [41] location within a given module

noise contour

. Global average «  Airborne emissions from Aircraft Movement Module is fed
temperature potential into Global Climate Module
. CO abatement costs +  Climate parameters are calculated and fed info Local Air
2 Quality & Noise module

ECMWE [43]
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9.7.3  Case Study: Costs of mitigating CO, emissions from passenger aircraft [44]

Study Objective: To provide a techno-economic analysis of CO, emission mitigation options for the
domestic US aviation sector, the world’s single largest air transportation system. The study focuses on
narrow-body aircraft with 100—189 seats, which generate 80% of revenue passenger kilometres (RPKs)

Method: Analysis is based on an aircraft flect composition and CO; emissions model that allows: a realistic
simulation of the introduction of improvements to existing aircraft (retrofits) and of new aircraft
generations; a robust assessment of the CO, emissions mitigation potential and cost of all mitig

costs of non-available aircraft. In addition, all relevant cost elements affecting airling
accounted. Other key parameters include;

¢ (O, mitigation costs are calculated in US$/per tonne of CO;
¢ As a mitigation cost metric, cumulative (2012-2050) margina!
discounted to 2012 at a rate of 5%

sts is employed,

Lavst Ay Qusiity § Nolss Moduls

Moise LD
condors Lontours
Renionad
Evonomios
Modude

Paxfraight

faw by ;‘ M\ me
Ei.l'pﬁff (Ki pd
fifecty

Figurwé 8: Schematic shows Regional Economic Impacts Module

mple Qutputs

io-economic characteristics of CO, mitigation technologies and synthetic fuels at a fuel price
r gallon (crude oil price of US$100 per bbl).
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CAEP/11-FESG-MDG/2-WP/xx
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Yeur of Application potertial® e cycle O3 omissioms  Pavback perkst’ ) BiRigadion coste’
intreduction (96 of flesl) reduction (3 per girorafll {USS pertonne of £0)
Retrofits
& 25 33 5
Carbon i3 13 4]

He-ong

Cabin waigh

LI

Figure 9: Discounted marginal abatement costs for cumulative (2012-2050) life cycle CO; emissions from
narrow-body aircraft in US domestic passenger service
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54

9.7.1

APPENDIX #B.5: DLR COST BENEFIT ANALYSIS MODEL

Overview

¢ Developed by DLR Institute of Air Transport and Airport Research [45]. The analysis is
conducted in a chain of different models, which link emissions, physical impacts and economic
impacts. Various metrics are monetized with values of the marginal damage cost per ton of

CO;

¢ Following capabilities are under development:

o Climate Modeling: Economic valuation of climate change is don
costs ( €/t COz-equivalent)

o Local Air Quality: Economic valuation of local pollutant
cost values (in €/ t of pollutant)

o Aircraft Noise: Monetization approach involves
to aircraft noise with damage costs dependent g

o Accessibility/Connectivity: Monetization

savings” is already incorporated in the

quantification of connectivity bene

Figure 10: DLR’s Framework for CBA

dimension “travel time
odel and 1s used for the
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542 Summary of Model Inputs, Outputs, Modelling Approach and Assumptions

Population impacted +  Noise impact models use noise contour or population
:  Changesin exposure data
morbidity/mortality :  Based on the changes on morbidity/mortality. changes in

Note: Exact utility/welfare is determined
Monetization term not +  Aggregation of cost and benefit values
available Discount to present value

s Global average +  Airborne emissions from Aircraft Movement Module is fed

ICAQ Engine temperature potential into Global Climate Module
Emissions Data . Rising sea levels . Change in temperature and sea-level rise is calculated

Bank = Crop shortfalls . Damage cost in € per ton of CO5 equivalent is used fo
«  Damage costin Euro caleulate the final damage cost
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54.3 Case Study: TBD

54.4 Sample Outputs

FROE By NI
3 FRRRER RN,
e el &

¥ . i * S e s
7 R

E3naiveneess; TR
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